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In accordance with the formula to obtain a reflectance, M 
reflectances Ri c Rm c are calculated with the film thickness as a variable, 
using known refractive indices no, m, nN, ns, incident angle (f>o, and 
selected wavelength Ai, Am. 

The well known formula of: 

R= I i ' 

Hi (in li + j?« ra n) -t- ( m 1 1 + i? . mn) 

(3) 

can be used to obtain the reflectance of the multilayer film. It is to be 
noted that rji = m /cos cpi for the P component and r|i = - m cos (pi for the S 
component, where r\i is the effective refractive index of each layer, cpi is the 
incident angle of the i-th layer, and m is the refractive index. When 
mn .... m22 are the elements of the characteristic matrix of the thin film 
with A as the wavelength, di as the film thickness of the i-th layer, 

& t = n » c± i o o s </> i 

as the phase, the characteristic matrix is obtained by: 

2 7T 

<5 t = n i dl i cos <P i 

X 

where Ti is the characteristic matrix and j is the imaginary unit. In the 
case where each layer has optical absorptance, the refractive index is 
naturally a complex. 
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By inserting the refractive index of each layer and the measured 
wavelength into formula (3) to obtain reflectance R, reflectance R c at that 
wavelength is obtained as a function with only the film thickness of each 
layer as a variable. 
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(57)Abstract: 

PURPOSE: To measure simultaneously at high speed 
several film thicknesses of a multi-layer film by 
specifying previously the region and neighborhood in 
which the sum of optical thicknesses of several layers 
of an optical thinHlIm is constant, as a solution- 
existing region, and finding several film thicknesses 
around the minimum value of an evaluation function 
within the region by a global optimization method. 
CONSTITUTION: Measuring light is emitted at a 
constant incident-angle, the wavelength is properly 
selected and the reflectance corresponding to it is 
setected by a means 5. On the other hand, the 
reflectance is operated by a means 9 based on 
several known refractive indices, incident angles and 
wavelengths, and a reflectance function for each 
wavelength in which only film thickness is made a 
variable is output, the evaluation function to judge the 
whole magnitude of the difference of the measured 
spectral reflectance for each wavelength and the 

reflectance function is found by a means 10. The region and neighborhood where the sum of 
the product (optical thickness) of the refractive index of each layer of the optical thin-film 
and the film thickness is constant are estimated as the existing region of a solution by a 
specifying means 11 other than this, and a group of the film thicknesses where the evaluation 
function is around the minimum value is found with the global optimization technique by the 
prescribed technique 12. Each film thickness of multi-layer can be simultaneously measured 
at high speed in this constitution even if each film thickness is unknown. 
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